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Abstract
As aging societies grow, researchers are actively studying
care systems concerning the life and diseases of the el-
derly. Among these diseases, dementia makes it difficult to
maintain daily life due to the degradation of cognitive func-
tioning, memory, and reasoning, as well as the ability to
perform actions. Moreover, dementia does not have a per-
fect cure, though therapy and care can slow its onset and
provide patients with physical and mental support. In this
paper, we developed a projection-based augmented reality
system robot that can cover 360 degrees of space. We also
propose an application that supports continuous monitor-
ing of dementia patients to address the difficulties they face
in daily life. The system is also designed to provide ther-
apy applications, such as entertainment and spatial art, to
provide mental care aids for the patients.
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•Human-centered computing→ Mixed / augmented re-
ality; Human computer interaction (HCI); Interactive sys-
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Introduction
The aging society continues to grow as quality of life and
medical technology improve. Recently, dementia was found
to be the third leading cause of death in the elderly, after
heart disease and cancer. Dementia makes it difficult for
the elderly to maintain daily life due to the degradation of
cognitive functioning, memory, and reasoning, as well as
the ability to perform actions. Causes of the illness vary
with changes occurring in the brain. Elderly dementia pa-
tients are expected to reach 46.8 million worldwide by 2015
and double every 20 years [5]. However, there is currently
still no complete cure for dementia. Current systems slow
the onset of the disease or assist people suffering from
it. To reduce memory loss and support various therapies,
studies are being conducted using augmented reality (AR)
and virtual reality (VR) that can access a wide range of
media and content. Research is also being conducted to
address neurodevelopmental disorders and improve atten-
tion by providing visual experiences such as 360 degree
panoramic video to the elderly through VR headsets. How-
ever, VR headsets can cause dizziness (motion sickness
and digital point-of-view strain) and have interfaces difficult
for the elderly to use [3].
Figure 1: Our Projection AR
System. (top) Portable System.
(bottom left) Movable System.
(bottom right) Mobile Robot
System.
Various studies have also used AR headsets to address the
problems of VR headsets; the former improves provides vi-
sual information to the real world while improving tangibility
and inducing little dizziness, nausea, and the like. Recent
studies have been conducted on therapeutic systems to
stimulate short-term memory and spatial memory using
HoloLens [1]. However, HoloLens has a narrow viewing
angle and requires the device to be worn continuously, in-
conveniencing the user. Projection-based AR systems that
can address these problems and simultaneously transmits
information to many people and provides virtual informa-
tion directly to the real world through projection to deliver
high realism. Research is being conducted on therapeutic
care using interactive artwork that supports user interaction
with projection AR systems. This paper proposes a system
that can construct an AR environment for all the spaces in
which the user exists. This will provide the role of life sup-
port, care, and therapy to the elderly and patients living
alone or in nursing homes to slow the onset of diseases
and provide convenience to their daily life. Accordingly, the
proposed system supports mental care aids such as spa-
tial art therapy and memory photo reproduction, in addition
to physical support and memory assistance activities. This
system can therefore slow the progression of the disease of
dementia patients and improve their quality of life through
therapy-based mental care.
System Configuration
Our projection AR system is implemented in various forms
as shown in Fig.1. The common point of each system is
that they can analyze a space and track the users and pro-
vide the same service even if they are put into an unfamiliar
environment. The existing researches that provided the
immersive media room form through the projection was
not possible until the whole system was built in the spe-
cific space. On the other hand, no separate installation is
required to use our system. Therefore, our system can be
put into any environment immediately at any time. 3D map
reconstruction using SLAM algorithm was implemented to
detect the plane to provide the projection. To do this, we in-
stalled an RGB-D camera on a pan-tilt system capable of
rotating 360 degrees, and the system automatically rotates
and collects peripheral space information. RANdom SAm-
ple Consensus (RANSAC)-based plane detection works to
obtain candidate planes that can be projected. The appli-
cations all support speech recognition and (depth) touch
interfaces, and the feedback to them is also made up of
voice and visual projection.
Applications
Monitoring
After the entire environment is constructed, the proposed
system continues to track the user’s position through the
tracking camera as shown in Fig.2 . The user’s position is
expressed in 3D coordinates in the space through the 3D
camera, and is used to augment the information through
projection when the user approaches the plane on which
the content is displayed. The system is also used to mon-
itor abnormal situations of the elderly as well as falls and
emergencies. For elderly users living alone, emergency sit-
uations often worsen because they cannot request medical
support. Accordingly, the system rotates the pan tilt system,
continuously monitors the position and status of the user,
and provides information to the connected family members
to prepare for an emergency situation.
Figure 2: Monitoring Application.
Figure 3: Internet of Things
Application.
Figure 4: Personal Assistant
Application.
Internet of Things / User Identification
Elderly people who suffer from long-term memory prob-
lems brought on by diseases such as dementia can lose the
ability to recognize faces [2]. This phenomenon is partic-
ularly pronounced in the ability to identify others in a short
time. In other words, even if the patient does not forget the
other person due to dementia symptoms, they must often
spend long periods of time remembering who the person is.
The proposed system can provide a solution to this prob-
lem: an IoT application that is able to identify the user as
shown in Fig.3. Assuming that a guest visiting the home of
the elderly user presses the doorbell, the user is displayed
a screen of the IoT door on a certain plane through the pro-
jection AR [6]. If the user on the screen is registered in ad-
vance, then that person’s name and brief information are
provided to the elderly user. Meanwhile, if the user is not
registered, the result "Unknown" is provided to alert the el-
derly user.
Personal Assistant
Next, we introduce a personal assistant application that
notifies the user of the time to take their medicine [6]. In ad-
dition to mental illnesses such as dementia, elderly people
also suffer from chronic diseases such as hypertension and
diabetes. The prognosis of these chronic diseases varies
greatly with how they are managed after diagnosis. How-
ever, medication adherence (taking medication properly ac-
cording to instructions from a specialist) for elderly patients
is often reduced as they may easily forget their dosage or
when to take the medicine. For this purpose, various mobile
applications that notify the time to take the medicine have
been introduced. However, because the elderly are gener-
ally not familiar with using mobile devices such as smart-
phones, these methods are also limited. In contrast, our
proposed dosing notification system provides dosing time
intuitively and effectively through auditory and visual effects
as shown in Fig.4. Depending on the situation, a projection
is displayed near the elderly user or in the direction they are
looking, and after taking the medicine, the alarm is stopped.
Media Services
According to a statistical survey [4], media literacy is signif-
icantly reduced for the elderly living alone who have little
contact with younger people. This indicates that the in-
formation gap (digital divide) between the elderly and the
younger generation is becoming more severe in aged so-
cieties. Particularly for younger generations, the proportion
of media utilization (photo and video viewing, etc.) through
mobile devices increases daily, while elderly cannot use the
same services even if they have access to the same device
[6]. Therefore, rather than teaching the user how to operate
the mobile device, we implemented a method that directly
links the system with media services to provide them to
the elderly. Fig.5 is an example of an application in which
the screen is linked to memories of iOS. The media ser-
vice automatically edits the photos and videos taken by the
user and provides it to them in video form [6]; this service
is linked to help improve the media utilization of the elderly
user. Among methods to address the symptoms of demen-
tia, one involves using a photograph that can remind the
patient of certain people or places. Such media services
can be provided to alleviate the symptoms of dementia.
Figure 5: Media Service
(Memories) Application.
Figure 6: Painting Spatial Art
Application.
Figure 7: Color Mixing Spatial Art
Application.
Spatial Art
A scenario that supports the mental therapy of users suffer-
ing from dementia, Spatial Touch is a spatial art application
in which the user interacts with the interface to combine
various colors and paint or draw as shown in Fig.6 and 7.
Through AR spatial art based on visual projection, patients
can improve their freedom of expression and imagination,
while the use of therapy also assists with their mental care.
By interacting through a paintbrush, a metaphor for the
same action in the real world, the improvement of the user’s
physical ability is supported. In real world settings with no
separate touch sensors, this method can support intuitive
and natural interactions through spatial touch interactions.
The user is presented an example picture through the pro-
jection, and the user can trace the picture or paint based on
it using the brush, the interaction metaphor.
Conclusion
In this paper, we propose a variety of applications for care
of patients with dementia using the projection AR system.
It provides the functions to support mental and physical
difficulties. It also supports media services and therapies
that can reduce emotional lability. Our AR platform provides
proper information and intuitive interactions. Therefore, it
can provide various services to dementia patients effec-
tively. In future works, we will explore the future possibilities
of projection AR and dementia care by demonstrating these
applications directly to patients and receiving feedback.
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